This paper aims to identify the actual objectives of monetary authorities in Central and Eastern Europe (CEE) that promote an independent monetary policy. In this sense we consider the study of central banks (CBs) behavior in the Czech Republic, Poland, Romania and Hungary in establishing short-term nominal interest rate by estimating a Taylor-type monetary policy rule, with new features in terms of elements aimed at exploring the interactions between the monetary policy and financial stability. We estimate the monetary policy rule based on a dynamic structural stochastic general equilibrium model (DSGE). The main results revealed the strong orientation of the monetary authorities subject to analysis towards their fundamental objective of price stability, but in parallel, to the stabilization of the exchange rate and real economic activity. Inserting into the Taylor-type rule of financial stability-related variables has allowed us to highlight the existence of specific items that indicate a 'leaning against the wind' orientation of monetary policy in CEE countries.
Introduction
Identifying the behavior of central banks in setting interest rates may provide a conclusive picture on both their objectives and on their attached importance. A standard approach in this respect is the estimation of the CBs reaction function as a Taylor rule. Since the formulation of its original version, the Taylor-type monetary policy rule has undergone a number of changes and extensions designed to better reflect the central bank's monetary policy decisions. Given the current specific of CEE countries, all small and open economies, a first extension is to include the exchange rate in the Taylor-type monetary policy rule.
In addition, we introduce into the rule specific to these states additional variables financial stability-related in order to investigate how monetary authorities subject to analysis have approached the asset prices in the conduct of their monetary policy. All these appear as an objective necessity, due to the extensive discussions on the optimality of 'cleaning' or 'mopping-up' approach versus 'leaning against the wind' (cleaning effects after asset price bubble burst or intervention in an early stage to avoid their creation) amid the recent financial crisis consequences.
The estimation of the Taylor-type monetary policy rule including exchange rate changes, private credit and property prices fluctuations is supported by a Neo-Keynesian model for a small open economy in which the central bank reaction function is one of the model equations (along with those of aggregate demand, aggregate supply and exchange rate dynamics). The model is a dynamic stochastic general equilibrium-type (DSGE), following the general lines developed by Lubik and Schorfheide (2007) . The mentioned model has been chosen as reference due to the fact that it has been previously used to estimate monetary policy rules with different specifications, including for the states subject to our analysis (Caraiani, 2011a (Caraiani, , 2013 , so that a comparative study is relevant.
The model estimation for CEE countries following a direct inflation targeting strategy (the Czech Republic, Poland, Romania and Hungary) is based on Bayesian techniques that offer the advantage of robust results in the context of small samples sizes. Estimation is performed using Matlab and Dynare, a widely used program both by central banks and academia arena to solve, simulate and estimate DSGE models. The remainder of the paper presents as follows. The first part consists of an overview of the literature, the second part describes the model, the third is focused on methodology and data sources, while the estimation results are summarized in the fourth part. The fifth section concludes.
Literature review
While existing evidence reveal that CBs monetary policy in the major developed countries can be described by a reaction function (Clarida et al., 1998) , the studies for emerging countries, including Central and Eastern Europe members are much narrower. A number of estimates of Taylor-type monetary policy rules in different specifications and using different methods (usually GMM) can be found in the works of: María Dolores (2005), Angeloni et al. (2007) , Frömmel and Schobert (2006 ) Vašíček (2008 , Orlowski (2008 Orlowski ( , 2010 .
As for exploring interactions between monetary policy and financial stability, a first representative paper that takes into account a number of emerging economies (the Czech Republic, Poland and Hungary) is the one of Munoz and Schmidt-Hebbel (2012) . The authors analyze the monetary policy decisions on a group of 28 emerging and developed countries, between 1994 and 2011 by inserting into the Taylor rule alongside the exchange rate of two financial variables, namely the development of private credit and stock prices, following their actions towards the avoidance of asset prices bubbles formation. Munoz and Schmidt-Hebbel (2012 identified specific items that indicate a 'leaning against the wind' orientation of monetary policy in CEE countries.
From a structural perspective, of the dynamic stochastic general equilibrium models, existing evidence of Taylortype monetary policy rules estimates in the case of CEE is even more limited. Of course, over time, central banks in the region have developed complex structural DSGE models including estimates of monetary authority's reaction function, as shown by a number of recent examples: Andrle et al. (2009) To compare, a common estimate of a Taylor-type monetary policy rule within a DSGE model is to be found in Caraiani (2013) for the Czech Republic, Poland, and Hungary and by using the same model in Caraiani (2011a) in the case of Romania. The author' model is close to Lubik and Schorfheide (2007) framework. The results retuned by the Bayesian estimation have illustrated that central banks subject to analysis reacted to exchange rate changes, which have generally led to a similar monetary policy, characterized by a high level of conservatism and a moderate or low gradualism.
Eschenhof (2009) used a comparable model to determine the role of the exchange rate in monetary policy of the euro area. The Taylor-type monetary policy rule specifications in three different forms, taking into account the GDP, the output gap and inflation expectations simultaneously with the output gap, allowed the identification of clear evidence regarding the ECB's reaction to exchange rate fluctuations. The monetary policy rule that includes the output gap and inflation expectations proved to fit best with the ECB conduct.
The estimation of the model is based on Bayesian techniques, which are considered the most appropriate for estimating DSGE models , in Dynare, an array of programs that allow to solve, simulate and estimate models including rational expectations. The algorithm supporting Dynare can be found in Juillard (1996) , a description of it in Juillard (2004) and an initiation into its use in Griffoli (2008) .
The Model
The model broadly follows the framework developed by Lubik și Schorfheide (2007) , which, in turn, is an improved version of the DSGE model built by Gali and Monacelli (2005) . The Neo-Keynesian context underlying the model includes four equations. The first equation is the aggregate demand curve described by an IS curve for an open economy that comprises forward-looking items. The second equation is the aggregate supply as a Phillips curve for an open economy with forward-looking components. Monetary policy is introduced by setting the interest rate according to a Taylor-type rule and the exchange rate is indirectly inserted by assuming uncovered interest rate parity (PPP). In addition, the terms of trade, private credit and real estate prices are introduced into the model by specifying certain development laws of motion on their dynamics as exogenous AR (1) processes. Due to the fact that the model is outlined for an open economy, foreign output, foreign inflation and technology are modeled as exogenous AR (1) processes.
The model is presented in log-linearized form. Solving the problem of maximizing the utility of households expressed by the Euler consumption equation leads to the IS curve with forward-looking elements as described below (an explicit derivation of it can be found in Gali and Monacelli (2005) ).
where: y t is domestic production, domestic inflation expressed by the consumer price index (CPI), shortterm nominal interest rate, expectations operator and Δ is the difference operator. All other variables in equation (1) are considered to be exogenous: is the technology growth rate internationally, changes in the terms of trade (relative prices difference of exports and imports at time t and t-1), the differentiation operator being the result of the fact that inflation is affected only by changes in relative prices and not by the relative price itself, and , the foreign output. In the context of an open economy α (0 <α <1) is the share of imports, while τ is the inter-temporal substitution elasticity.
The price setting by domestic producers is described by a Phillips curve for an open economy with forwardlooking components in the form of relation (2): where:
is potential GDP assuming the absence of nominal rigidities and the κ parameter (Phillips curve slope coefficient, with κ>0) is a structural parameters function depending on the model specification.
To introduce changes in the nominal exchange rate , consumer price inflation (CPI) is defined according to the relation (3):
The model is closed by specifying a monetary policy rule as a Taylor-type rule that takes into account both the deviation of GDP (real GDP -potential GDP) and inflation expectations. Besides, as a novelty in the Taylor rule we considered the insertion of private credit and real estate market prices changes to capture the behavior of selected monetary authorities geared towards financial stability, pursuing, in fact, the extent to which they include asset price developments in their monetary policy decision. Relation (4) presents the Taylor rule: where: is the coefficient of interest rate inertia, private credit variation and the housing market price changes. According to Lubik și Schorfheide (2007) the output gap in equation (4) is modeled as a combination of domestic and foreign production.
The model is complemented by a series of equations that describe the behavior of exogenous variables, i.e. the terms of trade, the technology growth rate international, inflation and foreign output and the changes in the private credit and property prices. All variables are modeled as AR (1) processes according to relations (5) -(10).
Terms of trade shocks:
Technology shocks:
Shocks of foreign inflation:
Shocks in foreign production:
Private credit shocks:
Shocks in the prices of real estate assets:
The model is solved and estimated by Bayesian techniques using Matlab and Dynare.
Methodology and data
The model is estimated with quarterly frequency data for the four CEE countries in the process of convergence towards the euro area that apply an inflation targeting strategy: the Czech Republic, Poland, Hungary and Romania. The intention of an analysis for a time horizon that starts with the date of adopting inflation targeting strategy by the four countries has been heavily restricted by the availability of data series on the development of real estate prices. Therefore, data samples cover the following ranges: the Czech Republic-2004q1: 2013q1; Poland-2002q4: 2013q1; Romania-2005q3: 2013q1; Hungary-2001q4: 2013q1 . All data is provided by Eurostat database, except for private credit and the price of real estate, where the data comes from the database of the Bank for International Settlements.
The data series include the quarterly national GDP in constant prices (2005) expressed as volume of national currency; quarterly domestic inflation measured as the difference between national consumer price indices as monthly quarterly average and multiplied by 400 to obtain annualized inflation interest rate; quarterly interest rate as short-term nominal interest rates set by central banks; quarterly exchange rate given by the average quarterly nominal exchange rate against EUR; foreign quarterly GDP as quarterly GDP in the euro area in constant prices (2005) expressed as volume in the European single currency, foreign quarterly inflation as the Eurozone inflation for the same time horizon, similar to national inflation; quarterly internal private credit as a fixed base index (2005 = 100) and quarterly properties price in real estate markets as fixed base index (2005 = 100). All series except for the interest rates were logarithmic. Subsequently, all series have been seasonally adjusted and filtered through a Hoddrik-Prescott filter.
Bayesian estimates are actually a bridge between the calibration method and maximum likelihood method. Tradition of calibration models is included in the Bayesian estimates by specifying a priori information (priors). Maximum likelihood approach is the result of the estimation based on the model-data comparison. Priors can be seen as weights within the probability function in order to give greater importance to certain areas of the parameter subspace. These two blocks, priors and maximum likelihood, are linked together by Bayes's theorem.
Given the vector ψ (6 x 1) of the monetary policy rule parameters:
vector θ (17 x 1) containing the other parameters and standard deviations of the shocks: \ vector (7 x 1) of observable variables:
a random distribution with density p (ψ, θ) = p (ψ) p (θ) and a probable distribution function of data L_D (ψ, θ Y ^ T) with then the posterior density the model parameters is given by Bayes' theorem:
Distribution type is based on the allowable ranges for the parameter values and random information on mean and standard deviation as in Lubik and Schorfheide (2007) , Eschenhof (2009 ), Caraiani (2011a , 2013 . Posterior distribution of the parameters is determined by the Metropolis-Hastings algorithm.
Before the Bayesian approach, a number of coefficients are calibrated using results from the literature. β discount factor is calibrated at 0.99, its reference value in the literature ( ), at 0.69, at 0.92 with standard deviations of 0.5 and respectively 0.3 (Caraiani 2008 (Caraiani , 2011b ).
parameters and shocks standard deviations are calibrated similar to external variables coefficients given that they are considered AR (1) processes. Parameters estimates, as in fact the Dynare code we used (mod. file) and Matlab files (m. files) can be obtained on request from the author.
The final set of parameters to be estimated is reflected by the following array:
Estimation results

The Czech Republic case
The estimation was based on 2 Metropolis-Hastings chains of 50.000 extractions each, with final acceptance rates of 28.08% and 28.17%, indicating a high quality of the estimation given that the literature recommends an optimal acceptance rate between 20% and 40%. Results of univariate and multivariate Brooks-Gelman convergence statistics reveal convergence after a reasonable number of iterations. Results of univariate and multivariate Brooks-Gelman convergence statistics and priors and posterior distributions for all cases can be obtained on request from the author. The estimation findings in terms posterior distributions can be found in Table 1 . The estimation results indicate a value of 1.9384, which emphasizes a stabilizing monetary policy. A coefficient of inflation gap greater than one shows the viability of the Taylor principle, a stabilizing monetary policy assuming an increase in the nominal interest rate to a greater extent (more than proportionally) than inflation. However, such a high value returned by the Bayesian estimates for inflation coefficient compared to parameters related to other macroeconomic variables in the monetary policy rule underlines a strong orientation towards maintaining the price stability.
For the output gap coefficient a value of 0.1381 that shows a rather low orientation of monetary policy towards the stabilization of the real activity.
The importance attached by national monetary authorities to the exchange rate stability is evidenced by the value. The high coefficient value (1.6436) emphasizes a strong orientation of CBs towards the stabilization of the exchange rate through short-term nominal interest rate.
The estimation results for the variables coefficients introduced into the monetary policy rule to identify the behavior towards financial stability through monetary policy, respectively , related to changes in private credit and , corresponding to real estate price trends, are 0.2510 and 0.2496. The parameters significant values reveal the presence (though not very strong) of a 'leaning against the wind' monetary policy approach of the national CBs. The analysis of central bank behavior in setting the interest rate in order to ensure financial stability shows that it has taken into account to some extent both private credit developments and the evolution of real estate prices. Besides, the monetary policy stance of ensuring financial stability can be determined even by simply identifying the importance attributed to the exchange rate in the monetary policy rule, believed to be high. Such an approach seems to be justified if we consider the high degree of euroisation and currency mismatch of financial institutions assets and liabilities, a distinctive feature of selected economies, because the depreciation of national currencies severely affects the financial stability. coefficient of inertia (interest rate smoothing) resulting from the estimation returns a value of 0.2638, which indicates a relatively low degree of inertia in adjusting interest rates. The value of the parameter expresses the position of national monetary authority towards the compromise between less aggressive changes in the interest rate not to cause instability in financial markets, on the one hand, and strengthening the credibility of monetary policy (which would automatically imply fast and powerful interest rates reactions, with a lower level of inertia) on the other hand.
The case of Poland
The model is estimated based on two Metropolis Hastings chains of 50.000 extractions each, with acceptance rates between 27.90% and 27.96%, and appropriate quality estimation. Convergence statistics supported by Brooks-Gelman approach have highlighted convergence both in univariate and multivariate terms. The estimation results are illustrated by Table 2 . Inflation coefficient in the monetary policy rule is estimated at 2.8952, a high value both per se and compared with the corresponding parameters of the other variables taken into account in deciding the monetary policy rule, which firstly confirms the pursuit of price stability objective in full accordance with the inflation targeting strategy.
Such a monetary policy strategy is not applied under a strict form, leaving room for the stabilization of real activity and the exchange rate. The estimated coefficient for the output gap is 0.3352, which indicates the stance of monetary policy towards the aggregate output stabilization, while the real exchange rate change parameter returns an estimated value of 1.5676, underlining the high importance attributed to exchange rate stability in the monetary policy decision. This evidence, however, is not likely to jeopardize the inflation target priority, as and values are much smaller than those of Besides the high importance of exchange rate developments, monetary policy stance geared to financial stability can be identified based on the results for the coefficients of changes in private credit and changes in real estate prices . The estimated values of 0.2503 and respectively 0.2508 emphasize a not very wide, but constant concern of the CBs monetary policy to prevent excessive credit growth and the formation of asset price bubbles in the housing market.
The estimation results indicate a value of 0.2374 for the interest rate inertia coefficient showing the absence of a high gradualism in implementing the monetary policy.
The case of Hungary
The Metropolis-Hastings algorithm with two chains of 50.000 extractions on data for Hungary resulted in acceptance rates of 32.78% for the first chain, and 32.84% for the second. Brooks-Gelman univariate and multivariate convergence statistics indicates convergence after a reasonable number of iterations. Estimation results can be found in Table 3 .
The estimation result for inflation coefficient within the monetary policy rule indicates a value of 2.1531, highlighting the strong orientation of the NCB towards its primary objective of maintaining the price stability.
Inflation targeting strategy seems to be applied in a flexible manner, as the stabilization of the real economic activity and exchange rate represents a concern of the monetary authority in setting short-term nominal interest rate, as evidenced by the values of and coefficients (0.6947 and 1.6186 respectively). Comparative values of the three parameters emphasize the efforts of the monetary policy to stabilize aggregate production and exchange without affecting the primary objective of price stability.
The values obtained for parameters corresponding to the variables in the Taylor-type rule to identify the conduct of monetary policy in ensuring financial stability and reveal a 'leaning against the wind' approach, a monetary policy that reacts to some extent to unsustainable credit growth and the formation of a real estate asset price bubbles. interest rate smoothing coefficient is estimated at 0.2772, which translates into a relatively low level of gradualism in adjusting interest rates, partly explained by the CB intent to increase the credibility of its monetary policy.
The case of Romania
In this case also the Bayesian approach is based on two Metropolis-Hastings chains with 50.000 extractions each, with acceptance rates of 28.08% and 27.75%. Convergence both in terms of univariate and multivariate BrooksGelman statistics is present. Bayesian estimation results are displayed in Table 4 . Inflation coefficient in the monetary policy rule returned by the estimation model is 2.0117, indicating in this case also the principle of Taylor and the strong orientation of the national monetary authority towards the primary objective of price stability. From this point of view, of inflation stabilization magnitude, the CB's monetary policy appears to be well behind the realities of Poland and Hungary, but superior to the monetary authority measures applied by the Czech Republic.
The output gap coefficient is at 0.2253, emphasizing efforts, to some extent, of the monetary authorities to stabilize the real economic activity. From the perspective of stabilizing the aggregate production, as objective hierarchically subordinate to the primary aim of ensuring a low and stable inflation, the monetary policy of the Central Bank of Romania appears to overperform the monetary policy of the Czech central bank, but it is less efficient than the one implemented in Poland. Hungary appears to be the CEE country with an inflation targeting strategy involving the NCB focus primarily in the real economic activity.
In Romania, the real exchange rate changes coefficient in the monetary policy rule indicates a value of 1.3344, which means the strong orientation of the NCB to stabilize the exchange rate through interest rate policy.
Moreover, for the real exchange rate parameter estimation results showed high values for all selected states, the Czech Republic and Hungary examples revealing a solid focus of the monetary policy authorities on ensuring the external balance.
For the variables parameters in Taylor-type rule used to test the concerns of central banks to ensure financial stability through monetary policy and , estimates on Romania are similar to those obtained for all other CEE countries subject to analysis, highlighting the same limiting trend (not very strong, but there), through the monetary policy, of uncontrolled private credit expansion and the formation of a real estate price bubble.
For the interest rate inertia degree, the estimated coefficient indicates a higher value compared to the other CEE countries (0.3540), showing a moderate gradualism of monetary policy implemented by the national CBs.
Conclusions
We estimated the monetary policy rule based on a dynamic general stochastic equilibrium model (DSGE) through Bayesian techniques, currently believed to be the best estimation tool. Monetary policy rule estimation results within the model with explicit micro-elements showed the strong orientation of CEE states towards fulfilling their goal of price stability.
Inflation targeting strategy does not appear, however, to be used in its strict version, in parallel leaving room for the stabilization of real economic activity. In addition, the high values of changes in the real exchange rate coefficients point out the significant efforts of national monetary authorities to support the exchange rate through short-term nominal interest rate. Such evidence, however, is not likely to jeopardize the inflation target priority, as the corresponding parameters identified for aggregate production and changes in the real exchange rate are much lower than those related to inflation.
The interest rate inertia (interest rate smoothing) values indicate in all states a relatively low degree of inertia in adjusting interest rates. Such a limited gradualism in modifying short-term nominal interest rate can be attributed to the purpose of increasing the credibility of the central bank's monetary policy.
The stance of CBs monetary policy to ensuring financial stability in the CEE region has been primarily identified on the basis of high importance attributed to the exchange rate in the monetary policy rule, because the national currency depreciation poses major problems for financial stability due to the characteristics of these economies in terms of high degree of euroisation and currency mismatch of financial institutions assets and liabilities.
As for the coefficients of variables explicitly introduced in the monetary policy rule to determine the behavior of central banks efforts to enhance financial stability through monetary policy, the results reveal a diluted, but present trend of limiting uncontrolled private credit expansion and the formation of a real estate price bubble. In other words, the estimation allowed the identification, to some extent, of a 'leaning against the wind' monetary policy orientation of selected monetary authorities.
